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The flying~ualities prolhms of current helicopters as olmmved
during flight are discussed. These problems have been found to be
(1) instahili~ with angle of attack in forward flight, (2) control
sensitivity in havering (particularly for the mnaller helicopters), and
(3) Control forces foux c~trol mnm=t b maneuvers. Sane dis-
cussion is also given of tentative remdies for the most outstanding
defioiencies.

mcmJ-crIoN

Experience hdicates that, in its present stage of development, the
helicopter is different ticm end more difficult to fly than most a~
planes. The Wficul@ seems to arise from several sourcef3: (1) The
helicopter has one additional control (collective pitch) to be operated.
(2) The power controlEI(collective pitch and.throttle) must be used almost
centinuously in conjmction with the flight controls dur~ operations
near the ground, chief= because of the rapid variation of power reqtied
with atmpeed b the ~eed rmge normaUy used in these operations.
(3) me helicopter M ti-fiable Bta%ili@ characteristics b forward
flight which would not 3e acceptable in an airplme. (k) Undesirable
contiol characteristlos exist in both forward flight and hovering.
Hovering flight also btroduces a new and unique problm of apparent lag
in control response whioh is, however, somewhat enelogous to formation
fl.y~ with aiqlanm .

The National Adxisow Committee for Aeronautics haa long leen titer-
ested in 8tabili@ end control problems and.in setting up requiremmts for,
the satisfactory stalili~ and contmol characteristics for airplanes.
This work is now %e~ @ended to the helicopter %ecause the helicopter
eventually must meet requbwents parallel to those for the dqilane b
order to reach its potential capa%fiities. Although a~lane requirements
may not be applicable to helicopter in a specific manner, the under-
~@3 reason for flettiW up the requtnments applies to both a3rplane
and helicopter.
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During the past several years roto~erfo~ce investigations have
been conducted at the Iangley Laborat~ using the two=place utili~
aircraft shown h figure 1. The rotors flown during this periai differed
in solidi~, &f ofl section, twist, and blade-surface rfgidi~. During
the course of these investigations attention was drawn to certzxlnstabili~
characteristics of the helicopter whioh have long been considered unac-
ceptable for *lanes, some interesting control characteristics and flight
phenomena were revesled,,and some very limited measurements of stabili@
and control characteristics were made. Recently, moreover, the status of
the performancee ~estigations was such that instrumentation could be
~telled to get more detailed information on flight characteristics. Sane
of the data obttied tith this instrumentation, aqerience with other heli-
copter ~es, howledge of British eqerhents (an example is reference 1),
ma information tiom translations of’German papers (references 2 and 3)
have been used in fOrmiLat@ the idem presented.in this paper. A further
valuable source of experience concerning the characteristics of the heli-
copter in maneuvers has been afforded by pull- tests for load—factor
determination; these tests have been made by the CM with the assistance
of the NACA. With this background, the present paper should help to
tndicate the most fruitful lties for hnetiate further study.

.
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OBEIEKVA!ZIONSOF ITJZDTGQUMJTIES

-~ Sta%ility in Forward Flight

During the course of the performance tiestigations, considerable
~@3 = d~e at relatively Mgh speeds approacMng the linits imposed
by Made stalling. Steady conditions were aiffictit to hold beoanse of a
strong tende~ of the machine to diverge h pitch, this divergence
creating the 5mpression of balancing on a baU. This ~acterifiic seemed,
far more -~~a with sme of the rotors tested than with others but

-s ~ms ~~lefl~. ma pitcq was most troublesome aS it
frequently precipitated or tit-ified sizilling,which increased the
tendency to pitch up and was accqanied by rather violent periodio stick
forces and vibration. The forward displacement of the oontrol from trim
necess~ to check sane of these pitohing moti- suggested.that a short
deby in apply- corrective control wtia aUow a maneuver severe enough
that control would be lost. Although there seemed emple contiol to stop
aownward pitching, an excessive ~unt of fO_a control was again
requtred b order to check the ~sequent upward pitohing. These charac-
teristics Ucated a pronounced me of longitudinal hstabili@.

The tendency of the helicopter to depart from the trim speed and the
necessi& of applying appreciable control deflection against a pitching
maneuv= tiolving acceleration, hitiated. either by oontrol or by gus@
air, is apparent throughout the speed range normally used h f~a flight.
This tendency lecomes ~oh less pronounced, however, at the lower speeds.
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Shortly after a student pilot first experiences forward flight,
he is impressed with the necessity for having to control the helicopter
constmt~. The reasons for this situation are not ibmmiiately clear.
It is awell+own faot that a flapping rotor tilts to the rear if
speed is increased; tlnm the rotor tilt causes the mach3ne to return to
the original speed. This condition constitutes stalility of the rotor with
respect to speed. Whd-tumnel investigations of the subject fuselage
(reference 4) have shown it to he unstable with respect to speed, lut this
instability is evidently outweighed %y the rotor staMli@ just discussed,
inasmuch EM measuremeritshave shown that the stick~osition gradient
with respect to speed is stable. Furthermore, observation and
measurements have indicated.that the static stick-force gradient
with respect to speed is small, but it has leen either unstable,

neutral, or stable, the gradient depending upon the pitching mcnnentsof
the particular blades and upon the bungee configuration; however, the
pilot:s over-all impression that the helicopter is unstable is not
greatly sffected by these force @?ad.ients. The source of the &Lfficul@,
therefore, cannot be either stick–fixed a stick-free bstability with
speed.

The smewhat obviow conclusion is that the pilot’s impressions are
a result of the helicopters instability with angle of attack. At least
two logical sources exist for this instabili~ with @e of attack:
(1) When the helicopter rotor is subjetted to an angle+f-attack chemge
in forward flight, for constant rotational speed the advancing blades are
subjected to a greater upward accelerating force then the retreathg blades
b’ecausethe product of angle+f+ttack chsnge and veloci+q squared is
greater on the advancing side than on the retreating side. The resulting
flapping motion will then tilt the disk in the direction of the initial
change end.en unstable mament will result. This effect is a function of
the tip-speed ratio and becomes more pronounced at higher speeds.
(2) Wind-tunnel investigations of the fuselage of the subject helicopter
have indicated that it is unstable with respect to emgle of attack
(reference 4).

Although alrplsnes can and do exhibit instabili@ with angle of attack
at thes, this condition is recognized as unsatisfactory and is generally
prevented by keephg the center of graviw sufficiently far forwexd.

The effects of the instability with respect to angle of attack on
the flight characteristics of the helicopter were subsequently investigated
in more detail, ftist in the low-speed flight range and then at suc-
cessively higher speeds. In maneuvers in which the stick was abruptly
deflected from trti and held,,the nomal acceleration was found to build
up at an ticreasing rate for a length of time detectable to the pilot.
Furthermore, the accelmation and pitching velocim, at least for small
stick deflections when the maneuver could be continued.for a reasonable
time, did not reach a maxhum until 3 or 4 seconds had elapsed. The



4 NACA TN HO. 3-799

acceleration and pitching veloci@ h this we of maneuver apparently
would continue to increase for even greater periods of time were it not
for the stabilizing tof’luenceof the associated speed change.

The stick forces accompanying these maneuvers are undesirable. The
pilotts impressions are that after transient effects have disappeared,
the forces became samewhat unstalle, that is, a push in pull=ups or a pull
in push-downs, the magnitude of the forces depending upon blade charac-
teristics. Of course stable forces are considered.necess~ for f3atis-
facto~ ~ qtiities.

Longitudinal Oscillations

Stick-fixed longitudinal oscillations of the test helicopter were
studied to clari~ the interaction of the stability with speed and insta-
hili~ with angle of attack. !Ptmehistories of two attempted stick-fixed
oscillations have leen prepared. For these cases the helicopter had a
set of experimental %lades of low solidi@ that were not production blades.
Low solidi~ necessitates higher pitch at the same rotational speed and
thus stalling was encountered at lower forward speeds for the l~olidity
blades than fcm the production thdes.

Figure 2 shuws an oscillation initiated from steady level flight at
@miles perhour~ a mmentazy rearwardmotion of the stick. The type
of motion shuwn reseniblesthe airplane phugoid motion h that changes in
airspeed and altitude occur, %ti the @ortamt difference is that definite
changes in angle of attack take place. The period of the rmtion is about
14 seconds, which is long enough that the pilot does not have trouble
controlling the oscillation. The motion about doubles in amplitude in
one cycle. Mm the third cycle the machhe reaches 250 nose up from
the trim attitude and shows ticraments in acceleration, Rromthe 1 g
condition, of almut 0.4g and -OOsg. This maneuver was terminated when
the attitude and the rate of change of attitude, acceleration, and speed
were such as to cause the pilot to ‘becomeapprehensive.

Figure 3 shows an oscillation attempted from steady level flight at
65 miles per hour. Agatn the helicopterwes disturhedby an intentional
stick motion, after which the stick was held fixed at the trim position.
The helicopter nosed.up mildly and then nosed down. The helicopter was
still nosing down at an increasing rate, as the acceleration curve
indicates, at alout ~ seconds af’terthe start of the maneuver, or about

4 seconds after the 1 g axis was crossed, and the recove~ had to be made by
control application. lhediate response to rearward control was obtained,
but as 1 g was reached, the pilot had not only moved the control hack to
the trim position%ut was also moving it rapidly forward to check the
acceleration which wm Imilding up at a high rate. The control reached

.-.,: -— . —.——-— —————-—
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the forward stop about 2 seconds before the acceleration reached its peak
of 1.’7g. The time history does not tell the whole story, however, for
during this meneuver, as the stick approached the forward stop, the
collective pitch was reduced to alout 6° to reduce the acceleration and.
the associated blade stalling. The rotational speed went above the pla-
card limit. In addition, the horizon disappeared frcnnthe pilottE view;
thus a ve~ high attitude was indicated, when the field of view from this
aircraft is considered. A roll at the top of the maneuver as in a wing-
over was necess~ for remvery. The maneuver just descri%ed could be
entered inadvertently should the pilot permit his attention to %e tmiefly
diverted. It is obviously extremely hazardous and the consequences should
not be underest*ted.

Comparison of thse two time histories indicates the marked influence
that speed has on the inhibili~ with angle of attack and therefore on
the clifficulti of controlling the aircraft. Zn order to bring out this
trend with speed.more clearly, additional oscillations, ticluding some
made in mildly @s@ air, were &de to provide more points in the speed
renge. b order to obtain greatcm generality, different rotor _blades
were used on the same helicopter and a later model helicopter of basically
similar desigu was also utilized. b all cases the time required with
controls fixed to reach a dangerous flight condition following the first
definite nose-dawn motion wab noted. For the cases where relatively
complete instrumentationwas used.,the increment in normal acceleration
from the 1 g oondition that had been reached, at the flight condition
considered dem&erous, was usually a%out k regardless of forward

4’
speed. The acceleration incremerrtappears to be a much bettw criterion
for the flight condition at which recovev must be started than is the
more mmmonly discussed attitude angle. The velue of & mentioned for

this increment p?obably corresponds to the partiouler helicopter under
test end my be erpected to very with size and other characteristics of
the helicopter. The results of the measurements that have leen made are
summarized in figwe 4. In this figure the increment in acceleration per
unit t~ is shown plotted against airspeed. The ardinate values were
obtained by taking the reciprocal of the values of time to reach a
dangerous flight condition, which, as has been pointed out, corresponded
to a reasonably fixed acceleration incremsnt of about ~. Thu, t~

?higher the value shown, the earlier a dangerous condit on would le
reached and, hence, the more frequently the pilot has to apply control to
maintain steady flight. In other words, if corrective oontrol is applied
at given intervals, then the higher the velue shown, the @?eater the
emount of corrective control required.

?&m ahowt 40 miles per hour to 50 or 60 miles per hour the values
shown are relatively lUW. In this region the helicopter oan actuelly be
made stable by relatively simple meats, and in any event it requires rela-
tively little attention fra the pilot. At the higher speeds the
attentiveness required of the pilot rises rapidly. In like menner, many
methods of improving the stability characteristicswhich could readily be

—.-... . —..—. .-———-— -—— .. . ..—.-— -—-—— —
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made to function satisfactorily at law speeds will offer @eater diffi-
cul~ or mey even %ecome inadequate at these -higherspeeds. Note that a
peak is shown at about 30 miles per hour. k this range, if the controls
are ftied, the helicopter will soon nose ~, slow down, and slide
backwards with resulting yaxdng motions and control difficulties.

Observations Particularly Concerning Huvering

Thus far only the forward-flight characteristics have been discussed.
Hover=, of course, precedes and follows all forwerd fli~ @ ii the
outstanding reason for the existence of helicopters. At the present time,
however, the prollems associated with hovering are more Indefinite than
the problems in forward flight; they tend to disappear with a little
flight practice; and they do not affect the general utility of the heli-
copter to the extent that limitations placed on night and instrument
flytng do.

One of the problems which the trainee must overcome in a helicopter
of this &pe and size is the high control sensitivi~ in roll or, h
other words, the high rate of roll per inch of stick displacement. This
sensitivim can lead to overcontrollingwhich results in a short=period,
pilot-induced, lateral oscillation. It is caused, apparently, by the
.pilotts leg in removing control following response of the machtie. The
result can be likened to what occurs with an autopilot hexhg improper
follow=up. A point to he remembered is that with constant ratio of
control-stick Misplacement to cyclic feather= the steady rolling
veloci~ obtahed will very tierse~ as the diameter of the rotor, or,
the smaller machine uill roll faster. Thus, sensitivi~ beccmes less of
a problem tith larger machhes.

The forces the pilot encounters in deflecting the stick can accentu-
ate or ndnimize his hpression of the Eensitivi@. The pilot should
first be alle to trim steady forces to zero. He should also have a force
gradient, or spr~ constant, opposing displacement of the stick in order
that he can properly judge the control being applied. The control-force
gradient centers the stick when it is released; therefore, the lag in the
pilotts foldmw=up process and the effort reg.ufredare reduced. With one
set of Ma&m on the subject machine the lateral gradient was sati~
facto=, but with other blades peculiar characteristics appeared. In
some cases the initial force change with deflection was proper, but the
force returned to zero or even reversed as rolling velocity developed..
This characteristic is considered very undestiable by the pilot. Figure ~
illustrates the character of the lateral forces hmediately follx
stick displacement for two different rotors. Rotor A illustrates the type
of transient face variation considered unsatisfactory, while the force
variation for rotor B was considered acceptable.

.

—. - —- Y- —— .—— -
—.

-,.
.



HACA TN NO. 1799 7

The longitudinal forces immediately following abrupt stick di~
placement differ in character frm the lateral forces (fig. 6). In this
case neither rotor A nor rotor B showed acceptable characteristics,
although the pilot reported the characteristics of rotmrA noticealily
inferior to those of rotorB.

In another case abrupt stick motim were found to cause forces
perpendicular to the direction of motion which tenWlto whirl the stick
in the direction of rotor rotatim. The stick would go to full deflection
in a spiral motion if relea8ed. The fcmces for restraint of the stick
became higher ~ the atickwaa moved more rapidly. Opercontrol results
in this case because the pilot fighta the forces.

No leas important inprcmating overcontrol iq high control fbiction.
Friction preventm accurate positioning of the control ‘becauseof the
extremely nonltiear force gradient it prcrvideafor small deflections and
because the control tends to jump as static triction ia broken. Eriction
alao prevents aelf+xmtering of the control and consequently causes poor
follow=up and an increase in the required pilot effoti. The control
difficulties hnposedby high aensitivi~ and undesirable forces foe
nately can be greatly lessened with relatively little practioe. The
control difficulties imposed by friction, however, alw&s ticrease the
d~ on pilot effart and are hardest for the pilot tioovercme in
avoiding overcontrol.

The extrapolation of roll measurement to full oontrol’deflection
indicatea tha% the maximum rate of roll for this aircraft ia aa great as
those of same modern fightw airplanea at the speeds for theti maximum
rates of roll. The high rate of roll achieved with the helicopter is
apprently dua to low damping and not to high control power, because the
moments developed about the center of gravi@ are alweya relatively small.
Ccmlputationaof the dempjng indicate that it is a fraction of that for
airplanea and oouldbe expectedto result tilerge amounta of conttiued
roll following the centering of the controls from high rates of roll. In
obaervations made at ~ miles per hour, however, where expertienta with
large rates of roll were convenknt, no tend.en~ to overshoot could be
detected by the pilot. In hovering, both pilot obsenations and inst~
ment measurement have indicated that the tendency to overshoot, while
presumably present, ia secondary to the effects of the stabili~ with
speed which reaulta from the lateral motion acqtied. A~arently, the
lateral veloci@ can, in accordance with the detaila of the maneuver,
either cancel or add to the tendency to overshoot.

Many @scriptima of the control response of this and ahilar heli-
copters in terms of lag have been made. The control lag, as deftied by
the tfme neceas~ fm ihe rota to reach a poaiticm corresponding to any
specified stick position during steady motion of the controls, has been
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fo&l to be actuaUy less than 0.1 second for the subject rotors, a time
period too short for perception ~ the pilot. Correspondin@y, after
the stick reaches its position following an abrupt lateral deflection
only shout 0.1 second elapses before the tielage attains maxhmm Sngular
acceleration in roll. Experience gained &cm *lane handling+ualities
studies hdicates that this is a’satisfactory response; in fact, airplane
reqtiements allow 0.2 seoond (reference 5). The helicopter also
approaches a steady rate of roll in about the same time as d0e8 an a-
plane. The impression of lag when hovering, therefore, seams to arise
from the fact that veloci~ changes or displacement of the helicopter in
space do not follow the ticlination of the thrust vector immediately,
because of the mass of the machine. A similar apparent lag effect occurs
in airplane formation flying where the problem is to control the rate of
closure. The pilot uvercomes his first hpressions of leg dur@ training
by leerning to control the helicopter*s accelerations.

.

h hovering the helicopter also drifts hack and forth as a result of
the motionE of the *. Scme drift has to be expected of any aircraft
since it is supported.by the air. The stabili~ of the machine with
respect to speed and the directional stabili@ in connection with yawhg
motions, both of which are desiralle in other respects, increase the
tendency to move or yaw with changes in wind veloci~ or direction. In
this respect, reduction of stabili~ can be %eneficial.

In hovering, control-ftied lateral and longitudinal Oaoi.llations
have been found to %uild.w rapidly in amplitude per cycle. Stice the
machine perfcumm an oscillation, a restoring tendency following a dif3-
turbance exists due to stabili~ with speed. The restor~ tendenqy
itself is _beneficial,pruvided the qeriod of the motion is long enough to
allow for the pilotss reaction the h perceiving and conecting the motion.
The longitudinal period for the helicopter waE found to %e a%out
14 seconds, while the Mtersl period was about 6 seoonds, a consider-
ably shorter time. Fram experience gained.from airplane hanUing-
qualities studies and fra personal experience with this and some other
helicopters the period of the lateral motion is considered great enough
to eliminate it ss a ccmtrol pro%lem.

Isolated Flight I?henomena

Early in the rotor performance investigateions a phenomenon in con-
nection with vertical flight was encountered.. In determining the power
required at zero &speed, with varybg rates of descent, a region was
encountered in which control of the machine could not be maintained.. The
descents were entered from f~a flight with fixed power, and when zero n
airspeed waE reached the rate of descent was low. If the power was insuf-
ficient to maintain descent at less than 500 feet per mintie (as indicated,
by a stendard rate-of-cl~ tadicator) the machtne would S1OWI.Yincrease
its mrtical veloci@. At an Ucated rate of descent of about 500 feet
per minute, shaking of the macldne beceme quite pronounced. Rather

— . ..——_ ..—— . —.—. — ————. ——-—
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violent, random yawing motions would then occur with some roll, the rate
of descent would apparently inorease rapidly, the rotational speed.of
the rotor would vary noticeably, and me often than not the machine
would eventually ~itch nose down and recover by ga~ speed, despite
application of couiderable rearww d control. !!?hisbehavior had -
variatiou which apparently depended on smell horizontal velocities and
on power conditions. Ja same caseH similar shaking of the machine was
encountered at hdicated rates of descent of only 300 feet per *tie.
The loss of oontrol appeared most severe when the power was as high as
possible at the required rate of descent. As power was progressively
reduced during succemive trials the difficulties mre reduced to the
point at which no tmxible was encountered for the power settings per-
mitting steady descents of about 1~0 feet per minute and higher. These
descents were always perfomed with a margin of altitude and no diffi-
culty was ever encounhred in recovering at any stege desired.

The yawing motions and inadvertent recovery mentioned previously ere
possibly affected by rearward veloci~. Nevertheless, the fundamental
cause of the phenmenon appears to be an irregular flow of ah through
the rotor. In hovering, a definite downward flow of air through the
rotor occms, and in descent with the power coqletely off an upward flow
of air through the rota takes place; but in this intermediate condition
the air tends to move with the rotor. A logioel assumption is that when
the air attempts to stay with the rotor, it might actuslly mix in turb~
lent and erratic faahion with the air out6ide the rotor disk. Motion-
pioture studies of tufted blades during some of these cases have thus far
shown no stalling but have shown pronounced, lxrkirregular, Wade bemking.
The pre~ence of tis irregular bending tends to support the irregulm+
flow explanaticm, bti much rmaina to be learned about this region of
operation.

Another phenomenon has ‘beenencountered following tak~ff. The
machhe was ‘be- accelerated rapidly horizontally from hovering and, at
20 to 30 miles per hour, it pitched up abruptly. lh se~er~ cues it
was xlecesa~ to have the control against the forward stop for a short
interval of time to check the motion. This same tendency has leen
noticed in other helicopters. The horizontal acceleration is normally
low enough that full control deflection is not required. This charac-
teristic mey be due to the @namic stabillw characteristics M pitch
and to the rapid enhy Mo the higher speed.range. This condition
should be @estigated, however, as a possible critical one in
determining the required control range.

The preceding seotions have pointed out some of the stability and
control Oharacteridics found for a particular helicopter @e. They
appear to ‘beap’@ica%le to other lzypes,howeVOr, in whole or in part.

-—. . . —.. .—.. .. .. .. ——. —.
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DIEW’USSICIYAND MMSIKCE SOLUIIQNS
.

The %aEic purposes for making fly~uelities studies ere to
isolate the characteristicsmost in ned of improvement and to find meam
for achieving these hprovements. A discussion of a few examples of the
lines of development which ere suggeded by the evaluation of flying
qualities which have %een given therefore seems in order.

h the autihors~opidon the prollem which seems to need investi-
gation most urgetily is the instability with angle of attack. One
proposed solution to this problem is to provide stick forces in the
proper direction, or stick-f%ee stabili~. This propossl means that in
maneuvers at constant speed pull forces are required to hold constant
positive acceleration and,push forces to hold negative acceleration.
This solution does not alter the fact that the control moves in the wrong
dtrection as the maneuver develops. Stick-free stcibi.li~is considered
to be essential for a completely satisfactory solution bti is not, in
itself, sufficient. First, the stick is never actually free because of
friction; also, the pilot imposes some restraint on the stick, either
consciously or unconsciously, because the stick will tend to move notice-
able amounts in counteracting the stick-ftied instaMlity. Second, and
most tmportant, the stick+free staldli~ does not alter the fact that
maneuvers (either intentional or due to gusts) oan be severe enough that
insufficient control for prompt recovery exists.

If the machine could %e provided with stiok-fixed stabili~ with
respect to angle of attaok, the danger of loss of control would be virtu-
ally eliminated, and friction or pilot restraint of the stick would not
affect the machine’s tendency to maintain steady flight. Maneukrs could
be exectied without reversing the stick motion, and recove~ could %e
made by simply returrdng the stick to the trim position. Stick-free
staliliw could he pruvided in this case by mechanical means such as
simple springs.

Since the instabili~ with angle of attack srises as a result of
forward speed and.is greatest at the highest speeds, to attempt to
obtain the d.estiedstabilizing fwces by using some form of horizontal
tail surface mounted on the fuselage seem logical. This use of a
horizontal tail mmface is particularly valid, of course, for overcoming
the Mabili@ of the fuselege itself. Rotor i.nstabili~ could more
logiczdly be eliminated by self+ontained means, but the more practical
immediate soltiion mey nevertheless lie in the use of some form of
horizontal.tail surface. Preliminary calculations indicate that a rather
small tail area should suffice; for example, calculations for a sample
tw~lace helicopter indicated that about 4 square feet would be needed
to stabilize the fuselage and that an additional area of about k square
feet should serve to stabilize the rotor. .

. .—..—— —.. ,--- .- –-——.-—~ ——..— ———-.-
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One obvious disadvantage resulting from the use of the tail surface
lies in the undesired vertical loads end pitching mments developed in
hovering and.verticel flight. For the areas mentioned.these forces are
actuelly quite small %ti ~ be further reduced, if desired, by us@ a
biplane tail surface which would present less projected area in vertical
flow or by using a free-floating tail surface arranged to be effective
only in forwexa.flight. More serious problems msy arise from the fact
that, in fO-a flight, a change from level flight to climb or to
atiorotation results h a sizable change in the angle of attack of the
tail surface. This change occurs because the attitude angle of the heli-
copter remains roughly constant while the fligh~ath angle ohan.ges.
Thie situation suggests that for at least the faster and more highly
powered helicopters the tail surface should be made to move in co@nction
with the pitch controls or should be made free-floating.

These problems and a nuniberof details concerning the rotor downwash
need further clarification before the helicopter designer can be expected
to make full me of the tail surface as a cure for the angl~f+ttack
instability.

An improvement In the hovering characteristics should elso be
possible. Control sensitivity could le reduced by chapging the control-
system geering, but this change is undesirable because it would Mmit
the control emdlable for tiim unless a nonlinear eystm were used. A
more logical solution would be to provide the pilot with a stick-force
gradient which is suita%ly proportioned to the control sensitivity. b
this regard the effects of size tend to he contradictor. In other
words, the smaller the helicopter the ~eater its control sensitivity
but the smaller the probable force gradient, and vice versa; whereas ihe
greater seneitivi~ should be accompanied.by a larger force fgadient.

Control sensitivi@ could also be reduced by ticreasing the demphg
and thus reduchg the rate of roll. One way of maMng this reduction
involves increasing the control lag hy changhg the rotor characteristics.
Control lag, however, should not be ticreased to more than perhaps three
or four times that of the subject helicopter, or more then perhaps 0.2 to
0.3 second, as it mey lead to overcontrol of a different me than that
mentioned previously and one which is more dangerous %ecause of larger
emplitude. A better solution would be.to increase dmrping without
changing lag.

I&iction = the control system should be kept to a ~ or to a
velue which will permit good self-centering cheraoteristics. Undes&able
transient control forces in maneuvers, as well as excessive vibratory
stick forces, should be prevented frcm reach= the pilot hy meens of
&reversible mechmMsms rather than by introduction of large amounts of
friction. The desi.qedcontrol feel can then be iniaxxlucedon the pilot’s
side of the irreversiblemechanhi.

. -.. —-— . .. . . —. ..__ —— ___ ., —..__. .—.. ___ -————-— —— .—--——-.-,,,,.
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In order to reduce the tendency of the machine to react to horizontal
gusts h hovering, the sta%ili~ with speed could be reduced as by the .

use of a linkage such that flapping causes corrective feathering.

coIw31mm REwiRm

Ylight investigations of a helicopter have been made to help in
clarifym the outstanMmg fly@-qualities problems and have lead to the
following olmervatione:

The forward-flight Ma%ili@ with angle of attack of the rotor and
the fuselage is of greatest concern. The rotor Mability is considered
to arise as a result of flapping and increases h severi@ with increasing
speed. This insta%ilim msy result IQ the loss of control in rough air,
h ~e~er~, or during instrument flight. The possibility Of allevi-
at~ this difficul~ by means of a tail surface is briefly discussed.

In hovering, neither the period of the stick-fixed oscillations nor
the lag b the response of the rotor to control application - both of
whioh have at times lean suspected of making hoyering difficult for the
beginner - was found objectiona%le. The smaller helicopters, however,
heme been fd to develop high rates of roll per unit stick displacement,
and this sensitivity results in a tenden~ for an tiexperienced pilot to
overcontrol, per+iculerly during hovering. Reduction in sensitivity by
changing the oontrol~stem gearhg is not feasible because of re@re-
ments for trim in forward flight. The situation can be alleviated,
however, by ticreasing the rotor demping, although cautioa must he used
to prevent introducing excessive control leg as a result. A further
means for reduction of the control difficulties caused.by high sensitivity
lies in the providing of an appropriate stick-force gradien%.

It is difficult wfth any whirling rotor system, and particularly
with the larger snd faster maoties, to prevent the occ~ence of ~es~a-
ble control+ystem forces. Ih several cases movement of the control stick
was found to remilt in transient forces of ~ unstable nature or in
forces out of phaae with the direction of stick motion. These phenmena
were noted in hovering as well as h faward flight. Such forces were
found.to increase the difficulty of control greatly and.therefore indicate
the destiah~m of tieversi%le control systems with the desired feel
introduced on the pilot?s side of the irreversible mechanism. IYiction
has been used as a cure but in itself has been found very unclesirable.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Air Force Base, Vs., No~eniber10, 1948 .
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Figure l.– General view of test helico@er.
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Figure 3.- Lmgitudinal osci~at ion at 65 miles yer hour.
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Figure 5.– Stick forces following abrupt latersl stick deflection.
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Figure 6.– Stick forcee following abrupt longitudinal stick deflection.
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